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LIQUID SEPARATION DEVICE FOR
SUCTION NOZZLES

This 1s a continuation-in-part application of patent appli-
cation Ser. No. 11/230,350, enfitled “Liquid Separation
Device for Suction Nozzles”, which was filed Sep. 19, 2005

now abandoned, which claimed the benefit of U.S. provi-
sional application Ser. No. 60/610,690, filed Sep. 17, 2004.

BACKGROUND OF THE INVENTION

a. Field of the Invention

The present invention relates generally to an apparatus for
lifting liquids from a floor or other surface, and, more par-
ticularly, to a suction-operated extraction device that can
vacuum up a liquid while preventing the liquid from being
drawn 1nto the suction generator.

b. Background Art

A variety of suction powered devices have been developed
for lifting a liquid from a surface, such as lifting a spill from
a carpet or other tloor surface, for example. In general, 1t 1s
undesirable for the liquid to pass through to the motor or other
device that generates the suction, which 1s typically designed
to handle only air. Accordingly, a persistent problem 1s effec-
tively separating the liquid from the air prior to the flow
reaching the suction generator.

U.S. Pat. No. 5,263,224 discloses a wet vacuum attachment
for vacuum cleaners that 1s designed to be attached to the end
of a vacuum hose, in order to remove and separate fluid so that
the fluid does not enter the vacuum umit. The attachment has
a housing with an outlet that can be coupled to the vacuum
hose, and an 1nlet that can engage a working surface to remove
the fluid with an air stream created by the vacuum unait.
Attached to the housing 1s a tank that stores the fluid as 1t 1s
removed from the working surface. Within the tank 1s a first
passage that provides communication between the housing
inlet and the tank, and a second passage that provides com-
munication from the tank to the housing outlet. Located in
front of the first passage 1s a wall that detlects the fluid down
into the tank, while the air flows 1nto the second passage.

The present invention 1s directed to improvements 1n such
devices. For example, the ability of the device of the *224
patent to separate a liquid such as water from the airflow was
less than desirable, with the result that more moisture than
desired would be carried back through the hose to the vacuum
cleaner itself. Furthermore, the operation was not automatic,
but rather required the operation of a trigger mechanism,
which may not always be convenient. Corresponding disad-

vantages are shared by other wet vacuum devices 1n the prior
art.

SUMMARY OF THE INVENTION

The present invention addresses the problems cited above,
and 1s an apparatus for drawing liquid from a tloor or other
surface using utilizing a flow of air provided by a suction
source, and separating and collecting the liquid from the tlow
so as to avoid passing 1t through to the suction source.

Broadly, the apparatus comprises: (a) a liquid collection
tank; (b) an 1ntake opening 1n fluid communication with the
collection tank, the intake opening being positionable proxi-
mate a floor or other surface; (¢) means for establishing fluid
communication between the collection tank and the suction
source so that the flow of air 1s drawn 1n the intake opening
and through the collection tank; and (d) a plurality of liquid
separation passages into which the flow of air 1s divided
between the intake opeming and the collection tank, so that the
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liquid 1s separated from the flow of air and collected 1n the
tank prior to the flow of air reaching the suction source.

The means for establishing fluid communication between
the liquid collection tank and the suction source may com-
prise¢ means for establishing fluid communication between
the collection tank and a remote suction source. The means
for establishing fluid communication between the collection
tank and a remote suction source may comprises means for
establishing fluid communication between the liquid collec-
tion tank and a hose leading to a household vacuum cleaner.

The plurality of liquid separation passages may comprise a
plurality of elongate passages arranged in a bundle, the
bundle having an intake end at which the flow of air and liquid
enters the elongate passages and a discharge end at which the
flow of air exits the passages with the liquid having been
separated therefrom.

The apparatus may further comprise means for introducing
the tlow of air at an indirect angle to openings of the liquid
separation passages at the intake end of the liquid separation
bundle. The means for introducing the flow of air at an 1ndi-
rect angle to the intake openings of the liquid separation
passages may comprise a plenum that 1s located at the intake
end of the liquid separation body, and an inlet passage that
directs the flow of air into the plenum at an indirect angle to
the openings of the liquid separation passages. The plenum
may comprise a substantially cylindrical wall extending
annularly about the intake end of the bundle of liquid sepa-
ration passages, the inlet passage directing the flow of air in a
substantially tangential direction against the cylindrical wall
so that the flow of air swirls within the plenum at the openings
of the liquid separation passages.

The discharge end of the bundle of liquid separation pas-
sages may be located in an interior volume of the collection
tank, so that liquid separated from the flow of air drops from
the discharge end of the bundle 1into a lower portion of the
tank, and air 1n the flow rises into an upper portion of the tank.
The 1ntake end of the bundle of liquid separation passages
may form an upper end of the bundle and the discharge end of
the bundle of liquid separation passages may form a lower end
of the bundle, so that the flow of air enters the liquid separa-
tion passages from the plenum and flows 1n a substantially
downward direction therethrough.

The apparatus may further comprise a nozzle member hav-
ing the intake opening at a lower end thereot and the inlet
passage mnto the plenum at an upper end thereof.

The means for establishing fluid communication between
the collection tank and the suction source may comprise an
actuating valve for selectively establishing fluid communica-
tion between the suction source and the upper portion of the
collection tank. The apparatus may further comprise means
for preventing liquid in the lower portion of the collection
tank being drawn through the actuating valve with the tlow of
air as the tank fills with liguid. The means for preventing the
liquid from being drawn through the actuating valve as the
tank fills may comprise an outflow opening in the upper
portion of the collection tank, through which the air flows to
the actuating valve, and a float mounted 1n the collection tank
sO as to rise against and seal the outflow opening as the tank
f1lls with liquid.

The apparatus may further comprise means for supplying a
supplementary flow of cooling air to the vacuum source when
the actuating valve i1s closed. The means for supplying a
supplementary tlow of cooling may comprise an inlet vent
that 1s 1n fluid communication with the vacuum source on a
downstream side of the actuating valve. The apparatus may
further comprise means for closing the inlet vent so as to
block the supplementary flow of cooling air when the actuat-
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ing valve 1s opened, so as to apply substantially the entirety of
the flow of air from the suction source to the collection tank.

The means for closing the inlet vent so as to block the supple-
mentary flow of cooling air may comprise a secondary valve
for closing the inlet vent, and a linkage operably intercon-
necting the actuating valve and the secondary valve so that the
secondary valve closes simultaneous with opening of the
actuating valve. The linkage may comprise a shait having the
actuating valve mounted at a first location thereon and the
secondary valve mounted at a second location thereon, and
means for translating the shaft so as to move the actuating,
valve away from the valve opening to the collection tank and
simultaneously move the secondary valve towards a valve
opening leading to the mlet vent. The means for selectively
translating the shaft may comprise an operating button
mounted to the shaift that 1s selectively depressible under a
finger of a user’s hand.

In a preferred embodiment, the invention provides an appa-
ratus for drawing liquid from a tloor or other surface utilizing,
a flow of air provided by a suction source, the apparatus
comprising: (a) a liquid collection tank having upper and
lower portions and forward and rearward ends; (b) a liit
nozzle mounted at the forward end of the liquid collection
tank, the lift nozzle comprising a slot-shaped intake opening
that extends transversely of the collection tank at a lower end
of the lift nozzle, a generally upwardly-extending tlow pas-
sage 1n fluid communication with the intake opening, and a
generally rearwardly-extending flow passage in fluid com-
munication with the upwardly-extending flow passage at an
upper end of the lifting nozzle; (¢) a plenum chamber
mounted 1n the upper portion of the collection tank proximate
the forward end thereof, the plenum chamber comprising a
generally cylindrical wall defining upper and lower openings,
a removable cap mounted over the upper opening, and an inlet
opening in tluid communication with the rearwardly-extend-
ing flow passage of the lift nozzle, the inlet opening aligned 1n
a generally tangential direction at the cylindrical wall of the
plenum chamber; (d) a liquid separation body mounted under
the lower opening of the plenum chamber, the liqud separa-
tion body comprising a generally downwardly concave upper
end that forms a bottom to the plenum chamber, a lower end
that 1s located in an interior volume of the collection tank
proximate the lower portion thereof, and a plurality of elon-
gate liquid separation passages having entry openings at the
upper end of the liquid separation body and discharge open-
ings at the lower end of the body; () a suction opening in the
upper portion of the liquid collection tank; and (1) a valve
assembly that selectively establishes fluid communication
between a vacuum source and the suction opening in the
upper portion of the collection tank.

The apparatus may further comprise means for preventing,
liquid 1n the collection tank from being drawn out through the
suction opening as the tank becomes full. The means for
preventing liquid from being drawn out through the suction
opening 1n the upper portion of the collection tank as the tank
becomes full may comprise a float valve mounted in the
collection tank that rises against the suction opening 1in
response to the tank becoming filled with liquid.

These and other features and advantages of the present
invention will be more fully appreciated from a reading of the
tollowing detailed description with reference to the accom-
panying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 15 a perspective view of an exemplary embodiment
of the present invention 1n use;
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FIG. 2 1s a side cross section of the embodiment of FIG. 1
1llustrating the valves therein 1n a rest state, providing cooling
air to the vacuum motor;

FIG. 3 1s a side cross section of the embodiment of FIG. 1
illustrating the valves therein 1n a vacuuming state, providing
suction to the attachment to vacuum up liquids and to vacuum
moist surfaces:

FIG. 4 1s a front view of the attachment of FIGS. 1-3 with
the access plate 40 removed;

FIG. 5§ 1s a side cross section of a second exemplary
embodiment of the present invention, i1llustrating the valves
therein at the rest state, providing cooling air to the vacuum
motor; and

FIG. 6 1s a side cross section of the embodiment of FIG. 5,
illustrating the valves therein 1n a vacuuming state, providing
suction to the attachment to vacuum up liquids and to vacuum
moist surfaces.

FIG. 7 1s a front perspective view of a liqud separation
nozzle assembly 1n accordance with another embodiment of
the present invention, which utilizes a manual actuating but-
ton rather than a feeler rod and differs in a number of other
respects from the embodiment of FIGS. 1-6;

FIG. 8 1s a rear elevational view of the liquid separation
nozzle assembly of FIG. 7, showing the suction duct or pipe
that forms a handle of the nozzle and other aspects of the
assembly 1n greater detail;

FIG. 9 1s a bottom plan view of the liquid separation nozzle
assembly of FIGS. 7-8, showing the arrangement of the suc-
tion 1ntake at the forward end of the sole plate of the assembly;

FIG. 10 1s a perspective, cutaway, partially exploded view
of the liquid separation nozzle assembly of FIGS. 7-9, show-
ing the collection tank and other internal aspects of the assem-
bly 1n greater detail;

FIG. 11 1s a cross-sectional view of the liquid separation
nozzle assembly of FIGS. 7-10, taken longitudinally through
the assembly and with the external shell pieces removed for
case of viewing, showing the mechanisms associated with the
collection tank and the control valve and suction passage
portions of the assembly;

FIG. 12 A 1s a front perspective view of the upper section of
the valve body of the liquid separation nozzle assembly of
FIGS. 7-9, showing the manner in which the strength of
suction 1s adjustable by rotating the actuating button of the
assembly;

FIG. 12B 1s aperspective, exploded view of the upper valve
body section of FIG. 12A, showing the relationship of the
components thereol 1n greater detail;

FIG. 13 1s arear perspective view of the collection tank and
pickup nozzle of the liquid separation nozzle assembly of
FIGS. 7-9, showing the offset, tangential relationship
between the passage leading from the upper end of the pickup
nozzle and the cylindrical plenum or entrance chamber above
the liquid separation cartridge.

FIG. 14 1s a top, plan view of the tank and pickup nozzle of
FIG. 13, showing the relationship between the entrance
chamber and the passage from the pickup nozzle in greater
detail, and also showing the generally circular, swirling flow
that 1s induced within the chamber by this relationship;

FIG. 15 1s a longitudinal cross-sectional view of the pickup
nozzle and collection tank of FIGS. 13-14, with the cap over
the entrance chamber being in place, showing the flow path of
the water and air as 1t passes from the pickup nozzle to the
entrance chamber, and then downwardly through the separa-
tion cartridge ito the main collection area of the tank;

FIG. 16 1s a perspective view of the separation cartridge of
FIGS. 13-15, showing the multiple tube construction of the
cartridge 1n greater detail;
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FIG. 17 1s a second rear elevational view of the hiquid
separation suction nozzle assembly of FIGS. 7-9 showing the

manner in which the end cap of the collection tank can be
removed 1n order to dump the collected liquid from the tank;
and

FIG. 18 15 a second front perspective view of the liquid
separation suction nozzle assembly of FIGS. 7-9, with the
pivoting front cover removed for ease of 1llustration, showing,
the manner 1n which the top cap of the entry chamber can be
removed to extract fibers and other collected solids from over
the separation cartridge leading to the collection tank.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENTS

FIG. 1 illustrates an embodiment of the present invention
that 1s used 1n conjunction with a conventional hose type
vacuum cleaner. Although the suction generator 1s therefore
located 1n a separate unit (i.e., the vacuum cleaner), it will be
understood that some embodiments may be self-powered and
include their own suction generator.

The suction assembly, generally indicated by the numeral
20, attaches to the vacuum cleaner hose 22, and when the nose
or snout thereot 1s pushed downward 1nto the puddle of liquid,
wet carpet, etc., will vacuum up the liquid automatically
without operation of any trigger mechanism or other control.

FIGS. 2 and 3 show cross sections of the attachment 20 of
FIG. 1 in a non-operative mode and 1n an operative mode,
respectively. When held 1n a position such as shown in FIG. 2,
a rod or feeler 24 1s urged to the downward position by a
spring 26 (see also FI1G. 4) so that the feeler 24 extends below
the snout 28 of the attachment. The upper end of the rod 24 1s
attached to a linkage 29 that interconnects first and second
valves 30, 32 so that they are alternately opened, 1.e., when
valve 30 1s open valve 32 1s closed, and vice versa. As can be
seen 1n FI1G. 2, the first valve opens to establish fluid commu-
nication between the exterior of the attachment and the main
suction passage 33 that leads to the vacuum cleaner. The valve
32, in turn, opens to establish communication between the
main suction passage and the interior collection tank of the
assembly so that the liquid will be drawn therein, as will be
described 1n greater detail below. Leakage upward along the
shaft 24 may be prevented by an appropriate seal, such as an
appropnately positioned O-ring, for example.

Accordingly, when the assembly 1s raised above the floor as
shown 1n FIG. 2, the spring 26 extends rod 24 to the lower-
most position, at the same time drawing valve 30 downwardly
to 1ts open position and raising valve 32 to its closed position.
Thus the vacuum draws air through valve 30, through the
passage 33 below the handle 34, and ultimately through the
vacuum cleaner hose 22 to the vacuum cleaner, thereby vent-
ing the attachment to provide adequate motor cooling airflow
through the vacuum cleaner and to avoid overloading the
motor. The spring 26 preferably provides a spring force that 1s
adequate to elevate the front of the attachment above a surface
it 1s resting on unless intentionally pushed down to vacuum up
a liquid (or vacuum a moisture soaked surface). This assures
that adequate airflow 1s obtained for vacuum motor cooling 1
the vacuum cleaner motor 1s left on with the attachment
resting on any surface, such as a tile, stone or hardwood floor.

However, when the snout 28 1s pushed down against a
surface 1 order to vacuum up a liquid rod 24 will be pushed
upward against the force of Sprmg 26 as shown in FIG. 3,
thereby closing valve 30 and opening valve 32. This changes
the flow through the attachment, so that 1t no longer enters
through the vent 1nlet valve 30, but instead enters the snout
and tlows through the liquid separation and storage tank 42,
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through valve 32 and out through vacuum hose 22. The liquid
1s thus lifted from the floor or other surface and collected 1n
the storage tank 42, simply by pressing the snout down
against the area of the spill, without the operator having to
actuate a separate switch or trigger.

Another important aspect ol the present invention may also
be seen 1n FIGS. 2-3, and 1n FIG. 4, the latter being a front
view ol the attachment with the access plate 40 removed. In
particular, 1t will be noted that instead of a single large open-
ing from the snout chamber 36 to the liqud separation and
storage chamber 42, a plurality of much smaller openings 38
are provided for this purpose. In a preferred embodiment, a
matrix of relatively small openings are provided as shown in
FIG. 4, the purpose of which may be explained as follows: It
has been discovered that a typical home vacuum cleaner can
potentially induce such a large air flow through a liquid sepa-
ration and storage chamber that liquid droplets are not given
adequate time to settle out under the force of gravity before
being swept along and ingested through the vacuum cleaner
hose 22 to the vacuum cleaner. It has also been discovered that
while this large airtlow or suction may be advantageous in
vacuuming up liquids, 1t 1s not a necessity, as adequate vacu-
uming of liquids can be achieved with substantially reduced
airflow. Thus 1n the present invention, the tlow 1s specifically
restricted. In the embodiment shown, the flow between the
snout 28 and the liquid separation and storage chamber 42 1s
restricted and divided up by a plurality of relatively small
tubular passages between these two volumes. While a plural-
ity of small orifices could be used, tubular flow restrictors are
preferred, as tubular flow restrictors create less turbulence
than orifices, and the less that a liquid being vacuumed up 1s
atomized, the faster 1t will settle out 1n the liquid separation
and storage chamber 42.

As an upper limit on the extent of flow restriction useable,
the flow must be adequate to cause a liquid to be sucked up
through the snout and through the tubular passages 38. For
this purpose, the flow cross section up the snout should not be
made too large, as otherwise liquids vacuumed up may simply
separate from the air flow and stay 1n the snout, then pouring
out again when the vacuum 1s turned of.

FIG. 4 shows a liquid extracting as sembly 50 1n accordance
with a second embodiment of the present invention. As will be
described below, operation 1s similar overall to the embodi-
ment described above. However, the linkage 1s replaced by a
manual push button for actuating the main lifting flow.

As can be seen 1n FIG. 4, the assembly 50 includes a snout
portion 52 having a depending rod or plunger 34 similar to
that described above, that 1s urged to a downwardly extended
position by a coil spring 56. The shaift of the plunger extends
upwardly through a passage in the forward body 38 of the
assembly, with a vent valve 60 being mounted at 1ts upper end.
The valve controls flow through vent opening 62, which
establishes communication between an exterior air inlet
chamber 64 and the main suction passage 66 that leads to the
vacuum hose; the valve 60 may be provided with an elasto-
meric cap (not shown) and/or the seat may be provided with
an elastomeric ring, 1 order to ensure an air tight seal. The
inlet air chamber 64 1s covered by a shield 68 that excludes
debris from the chamber and prevents damage to the valve
and 1ts seat, with air entering the chamber through slots 70.

Accordingly, when the attachment 1s held with 1ts snout
portion out of contact with the working surface, the spring 56
urges the plunger 34 downwardly 1n a manner similar to that
described above, thus lowering valve 60 away from 1ts seat at
vent opening 62, from intake chamber 64 1nto the main suc-
tion passage 66 and thence to the vacuum hose, providing
cooling air and preventing overloading of the motor as
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described above. A resilient bushing 72 1s mounted around the
stem of the valve 60, where the stem passes through the floor
76 of the main suction passage 66, 1n order to maintain the
integrity of the passage and eliminate air leaks about the valve
stem and plunger.

When, 1n turn, the snout portion of the attachment 1s
pressed against a surface 80 to lift the liquid 82 therefrom, as
shown 1n FI1G. 5, the upward pressure on the plunger presses
the valve 60 against its seat, thus closing vent opening 62. The
operator, grasping the attachment by 1ts handle 84, moves of
the snout to the location of the liquid 82, and then depresses
actuating button 86. This presses downwardly against a sec-
ond rod 88 that extends downwardly through an upper portion
90 of the body, so as to depress the main suction valve 92
away Irom its seat at opening 94 and thereby establish com-
munication between the main suction passage 66 and the
liquad collection tank 96. When the button 1s released, a coil
spring 98 under the button raises the shaft 88 and returns valve
92 to i1ts closed position to seal ol the passage 66; a sleeve 100
1s mounted around shait 88 to prevent air leaks, and the
valve/seat may also be provided with seal members as
described above.

When valve 92 i1s 1n the open position, suction tlow 1s
established from the snout intake to the vacuum hose via the
collection tank, as described above. The liquid and air are
therefore drawn 1nto the snout chamber 102 and pass through
the plurality of tubular passages 104, before being directed
downwardly towards the bottom of the tank by a first, gener-
ally vertical baiile 106. As can be seen 1n FIG. 5, the baitle 106
defines a forward chamber 108 within the collection tank,
where the majority of liquid will fall out of the airflow. The air
then passes under the batile into a larger, rearward chamber
110, in which direct tlow to the suction opening 94 1s blocked
by second, generally horizontal baftle 112. The remainder of
the liquid 114 therefore has sufficient time to drop out and
collect 1n the bottom of the tank, prior to the airtflow passing
into the main suction passage 66.

As can be seen 1 FIG. 5, the collection tank 96 1s prefer-
ably formed with a curved bottom wall 116, which facilitates
rapid and convenient emptying of the tank when the cap 118
1s removed.

The snout portion of the attachment 1s provided with an
access door 120 that can be removed for cleaning the intake
sides of the flow tubes 104; a suitably sized, detachable rod
(not shown) may be provided for this purpose. Moreover, 1n
the embodiment that 1s 1llustrated in FIGS. 4-5, the flow tubes
104 are formed 1n a detachable restrictor plate 122 that can be
accessed and removed via the door 120. This permits the use
ol interchangeable restrictive plates having different sizes
and/or numbers of tlow tubes, thereby allowing the flow and
fluid collection characteristics to be tailored to a particular
liquad or situation; for example, a first restrictive plate having
a relatively large number of small-diameter tubular passages
may be used for comparatively thin or “light” liquids having,
a tendency to atomize, while a different restrictor plate having
larger and/or fewer passages may be used for relatively vis-
cous, heavy liquids, or for situations when particulate matter
may be combined with the liquid.

FIGS. 7-17 show another preferred embodiment of the
present invention, that utilizes a push-button actuated suction
mechanism rather than the bottom-projecting feeler rod of the
preceding embodiment, and differs 1n other respects as well,
but that again utilizes a multiple passage liquid-separation
structure.

As can be seen in FIGS. 7-9, the nozzle assembly 130
includes a body 132 with an outer housing formed 1n first and
second bilateral halves 134a, 134b. A generally horizontally
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extending pipe portion 136 mounts to a suction source (not
shown), such as a portable vacuum cleaner as described
above. The pipe portion 136 also serves as a handle, and 1s
s1zed to conveniently gripped by a user; the orientation of the
pipe portion 136, in conjunction with the natural direction of
motion of a user’s hand, theretore defines forward and rear-
ward ends 140, 142 of the assembly.

A thumb-depressible button 144 1s positioned proximate
the forward end of the suction pipe 136, where the latter joins
the rest of the body 132, and controls the tlow of air through
the mterior passage 146 of the pipe portion to the remote
suction source. As will be described 1n greater detail below,
depressing control button 144 actuates a plunger to apply
suction to the downwardly-directed opening 148 of the
pickup nozzle 150 (see FIG. 9) of the assembly, via a liquid
separation body and collection tank 152.

As can be seen 1n FIG. 9, the bottom surface 154 of the
body 132 1s substantially planar, forming a flat sole plate 156.
The bottom surface 158 of the pickup nozzle 150 lies sub-
stantially flush with the sole plate 156, with the slot-shaped
intake opening 148 extending across substantially the full
width of the sole plate proximate the forward end 140 of the
housing. The flat sole plate and nozzle surface 158 therefore
permit an operator to slide the assembly over a carpet or
similar surface while gripping the handle formed by the pipe
portion 136 and applying a slight downward pressure, 1n a
manner similar to the use of a clothes iron. A plurality of
semi-elliptical grooves 160 trail longitudinally from the main
intake slot 148, in the bottom surface 138 of the pickup
nozzle, so as to increase the size of the suction contact patch
and help channel and pick up additional fluid as it 1s squeezed
from the carpet or other material by the downwardly pressure
and forward motion of the assembly; as can be seen in FIG.
11, the bottom surface 158 of the pickup nozzle, rather than
being exactly coplanar with the lower surface 134 of the sole
plate 156, 1s angled slightly downwardly therefrom 1n a for-
ward direction, so that the intake slot 148 will press slightly
into the carpet or other material as the assembly 1s slid there-
over.

As can be seen 1n FIGS. 8-9, the collection tank 152
includes a drain plug 162 which allows accumulated liquid to
be dumped from the rearward end of the assembly. A hatch
164 atop the forward end of the assembly, that pivots
upwardly about hinge 166 when a finger-operated latch 168 1s
released, provides access to a cap 170 (see FIG. 10) near the
front of the tank that when opened allows accumulated fibers
and other matenal to be removed from over the liquid sepa-
ration cartridge or body. Both of these features will be
described in greater detail below.

FIG. 11 1s a cross-sectional view showing the internal
structure and mechanisms of the nozzle assembly 130, with
the external shell eliminated for ease of viewing.

As viewed n FIG. 11, the tlow path of water/liquid through
the assembly progresses generally from leit to right, starting,
with the pickup nozzle 150 and exiting through the tubular
handle 136 to the external vacuum source. The liquid and air
are drawn upwardly through the slot-shaped intake opening
148 of the uptake nozzle 150 and mto a vertically-extending
passage 172 within the nozzle. The flow 1s then redirected
from the vertical passage 172 1nside the nozzle into a gener-
ally horizontally-directed passage 174 that leads into a gen-
erally cylindrical entrance chamber 176 in the upper, forward
part of the body of the collection tank 152. The entrance
chamber 1s formed by a cylindrical wall 178, with the lower
end of the chamber being positioned above, and sealed by, the
liquid separation cartridge 180; the upper end of the entrance
chamber 1n turn being sealed by access cap 170, the latter
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having a vertical flange-shaped portion 182 to aid in manual
removal, as will be described below.

As can be seen 1 FIG. 11, the upper surface 184 of the
liquid separation cartridge 180 1s generally concavely (down-
wardly) dished, and includes openings 186 into a plurality of
generally vertical, small-diameter bores 188 formed within
the body of the cartridge 180.

As will be described 1n greater detail below, the multiple
clongate bores 188 serve to separate the liquid (e.g., water)

from the air, after which the two fluids exit more-or-less
discrete at the bottom end 190 of the body and enter the
underlying capture area 192 at the front tank 152. The liquid
flows 1nto and 1s retained within the main volume of the tank
194 of the tank 152, while the air 1s drawn to the upper portion
196 of the tank and out through a first valve opening 198. A
tfloat assembly 200 cooperates with the first valve opening to
prevent water or other liquid from being drawn out through
the opening (and thereby possibly damaging the suction
source) 1n the event that the tank become full: As can be seen,
the assembly 200 1includes a tloat body 202 that 1s mounted on
an arm 204 which 1s in turn connected to a horizontal axis
pivot 206. As the tank becomes full of liquid (for example,
water), the float body 202 rises so as to press its hemispherical
upper shell or face 208 against the rim 210 of the valve
opening, with the force of the suction section drawing the
float firmly against the opening so as to form a liquid-tight
seal; then, when suction 1s secured and the tank 1s emptied, the
float assembly 200 drops away from the valve opening 198 so
that air can be drawn therethrough for normal operation of the
apparatus.

As can be seen with further reference to FIG. 11, opening
198 forms the lower opening 1n a valve body 212 that 1s
situated atop the collection tank 152. The upper opening 214
in the body has a lip 216 that forms a seat for the main
actuating valve 218 of the assembly, with a resiliently com-
pressible ring 220 about the edge of the valve forming an
airtight seal with the edge of the opening when the parts are 1n
contact. The lower side of the actuating valve 218 includes an
upwardly-projecting frustoconical surface 222 against which
the air pressure within the chamber 224 of the valve body,
between the lower and upper openings, acts to force the valve
towards the closed/sealed position. The upper portion of the
valve includes a cylindrical stem 226 that passes through a
close-fitting bore 228 in the generally horizontal upper wall of
the valve body, so that the bore acts as a guide for vertical
reciprocating movement of the valve stem, the guide being
supported on horizontal struts 230 (see FIGS. 12-13). The
stem 226 1s 1n turn mounted coaxially to a vertically-extend-
ing shait 232 that 1s formed integrally with the actuating
button 144. Thus, by pressing downwardly on the button 144,
in the manner of a plunger, the operator depresses the valve
218 away from its seat (lip 216), thereby opening communi-
cation between chamber 224 and the upper passages 234 of
the valve body; 1n so doing, the chamber 224 provides clear-
ance for downward movement of the valve away from 1ts seat,
and a gap 236 likewise provides clearance for downward
movement of an annular flange 238 around the base of the
actuating button 144.

Thus, when the actuating button 1s pressed, the valve 218 1s
depressed off of its seat so that air 1s able to be drawn through
both the lower and upper openings 198, 214 (as was discussed
above, the float assembly will normally be lowered away
from the lower opening 198 unless the collection tank 1s full),
and from the upper chamber 214 through passage 234 to an
upper chamber 240 that surrounds the valve stem and the
shaft of the actuating button; from the upper chamber, the air
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1s drawn through a right-angled neck 242 leading to the inter-
nal passage 146 of the handle 136, and from there to the
remote vacuum source.

When the actuating button 144 1s released, the airtlow from
chamber 224 through opening 214 drives the valve 218 back
up against 1ts seat, at the same time raising the button 144
back to 1ts original position; 1f desired, a return spring may be
included to assist the closing action. When the valve returns to
its seat, airflow through the valve body 1s blocked, terminat-
ing the flow through the tank and separator body and therefore
the suction action at lifting nozzle 150. To provide cooling for
the motor of the suction source, however, a secondary tlow 1s
drawn 1n through vent openings 244 (see FIGS. 7-9) and
under the actuating button 144 via gaps 246, 236; the air then
flows downwardly around the shatt 232 through opening 248,
entering chamber 240 and then flowing via the neck 242 and
passage 146 to the vacuum source. A plurality of radially-
extending, strut-like ridges 237 on the valve-actuating shaft
232 act against the edges of opening 248 so as to center and
support the shaft for vertical reciprocating movement while
maintaining openings around the shaft for flow of air there-
through.

Thus, when the actuating button 144 1s released and 1n 1ts
raised position, as shown 1n FIG. 11, a flow of cool air con-
tinues to be supplied to the even though tlow through the tank
and main pickup nozzle of the assembly 1s blocked. Then,
when the button 144 1s depressed, the flow through the tank
and pickup nozzle 1s established in the manner described
above; simultaneously, the annular base flange presses down
flat against the horizontal wall 250 around opening 248 so as
to stop the secondary flow through gaps 246, 236 and thereby
ensure that the suction 1s directed fully to the pickup nozzle,
with an airtight seal between the pieces being established by
an annular, resilient sealing ring 252 on the bottom of flange
238.

As an additional feature, the actuating button 144 serves to
control the amount of flow or “strength” of the suction that 1s
supplied at the lifting nozzle 150. As can be seen 1n FIGS.
12A-12B, which show a front aspect of the detachable upper
portion 260 of the valve body 212 (see FIG. 11). As can be
seen, the upper section of the body includes a tubular, gener-
ally cylindrical shell 262 having an open lower end that
attaches over the opening 234 leading to the tank, by means of
base flanges 262a, 2645 and associated screws (not shown).
The upper end of the tubular shell 262 1s covered by a flat,
annular wall 250 that has opening 248 formed therein, which
accommodates valve shaft 232 as described above.

As was described with reference to FIG. 11, air (entering
via vent slots 244) 1s drawn through the gap between wall 2350
and the annular flange 238 of actuating button 144 when the
button 1s 1n the raised, released position and the main valve
218 1s therefore closed, 1n order to provide a cooling flow that
passes through a connecting, 90-degree neck portion 266 1nto
tubular handle 136. Then, when the actuating button 144 1s
depressed flange 238 comes 1nto contact with annular wall
2350, and with the aid of sealing ring 252 seals off the gap so
that the suction tlow 1s applied to the main opening into the
tank.
The strength of that flow 1s, however, selectively adjustable
by rotating the actuating button 144: As can be seen with
turther reference to F1IGS. 12A-12B, an outwardly and down-
wardly projecting flap portion 268 depends from the flange
238 of the actuating button, and 1s recerved 1n a cooperating,
somewhat semi-circular channel 270 that 1s formed 1n the
front, upper edge of tubular shell 262; in the illustrated
embodiment, the channel 270 extends through an arc of about
150°, although this may vary depending on design factors.
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One end of the channel 270 1s proceeding through opening
272 leading from outside the valve body to the interior of the
tubular shell 262, while the opposite end of the channel 1s
closed by a corresponding curved, vertical wall section 274.

The depending tlap portion 268 of the actuating button has
a curvature matching that of the channel 270 and 1s recerved
in the channel as shown 1n FIG. 11, but has a width such that
it extends through only a portion of the full arc of the channel.
In the 1llustrated embodiment, the arc of the flap 1s preferably
equal to about one-half the total arc of channel 270 (e.g.,
approximately 75°, and slightly greater than the arc of the
opening 272 (e.g., approximately 60°) that 1s formed at one
end of the channel.

Therefore, when the shaft of actuating button 144 1s rotat-
ingly recerved 1n opening 248, the depending tlap 268 rides
within channel 270 so as to act as a shutter that selectively
adjusts the eflective size of opeming 272. To maximize the
strength of the suction at the pickup nozzle, the button 1s
rotated clockwise (in the embodiment that 1s 1llustrated) so
that flap 268 substantially covers opening 272, as shown in
FIG. 12A, ensuring that the majority of flow 1s applied to the
nozzle; to reduce the intensity of the suction, the actuating,
button 1s rotated 1n a counter-clockwise direction to move tlap
268 away from over opening 272, progressively increasing
the amount of bypass flow (drawn through vent slots 244 as
described above) that enters through opening 272 instead of
being applied to the pickup nozzle.

In the 1llustrated embodiment, suction at the pickup nozzle
1s therefore maximized with the actuating button rotated to a
tull clockwise position, and minimized with the button
rotated to a full counter-clockwise position, with intermediate
positions providing gradations in suction intensity. Ridges
276 around the exterior of the actuating button 144 provide a
finger grip to aid in rotating the button. In addition, a plurality
of shallow notches 278 on the perimeter of opening 248
cooperatingly engage the edge of one of the strut-like ridges
237 onthe button shaft (see FIG. 11) so as to act as detents that
prevent an accidental 13-15 show in greater detail the rela-
tionship between the entry chamber or plenum at the top of
the collection tank and the passage by which tlow enters the
chamber from the pickup nozzle, and the manner in which
these features cooperate with the liquid separation body that
leads 1nto the main volume of the tank.

As can be seen 1n FIGS. 13-14, the upper end 284 of the
pickup nozzle 150 and the horizontal passage 174 that
receives flow therefrom are offset laterally (to the right side in
the embodiment that is illustrated) from the vertical axis of
the cylindrical entry chamber 176. The tlow of combined air
and liquid thus enters the chamber 1n a generally tangential
direction, as indicated by arrow 286, along the inside surface
of the wall 178 of the chamber. The cylindrical wall 178
redirects the tflow along a generally circular path as indicated
by arrow 288, 1n essence mducing a “swirl” etfect over the
upper end of the liquid separation body 180. As can be seen in
FIG. 15, the combined swirling action and downward draw
created by the suction and gravity, as indicated by arrows 290,
292, cooperate with the downwardly concave upper surface
184 of the separation body 180 to distribute the tlow over and
across the multiple separation bores 186. It has been discov-
cred that this action not only more evenly distributes the tlow,
but also increases the efliciency of air/liquid separation 1n the
bores 186 as compared with arrangements where the tlow 1s
directed more-or-less directly or axially into the bores.

As can be seen with further reference to FIG. 15, the flow
passes out of the bottom 190 of the separation body 180, into
the area 192 of the collection tank beneath the separation
body, from which point the materials follow more-or-less
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separate paths; as 1s indicated by arrow 294, the air follows a
first path, depressing the surface of the liquid somewhat in the
area 192 beneath the separator body and then entering the
upper part of the main volume 194 of the collection tank; the
flow of the heavier water or other liquid, as indicated by arrow
296, 15 directed to the lower part of the main volume 194 of the
collection tank, where 1t accumulates 1n a layer 298 at the
bottom of the tank. The lighter air 1s drawn off from over the
layer of liquid, as indicated by arrow 300, and passes
upwardly through the valve body 212 in a manner described
above. The assembly 1s therefore able to separate the air and
liquid 1n a highly efficient manner while maintaining strong
flow/suction to etfectively draw up liquid through the nozzle
150, with little or no liquid being passed through to the remote
suction source.

FIG. 16 shows the structure of the liquid separation car-
tridge or body 180 in greater detail, in particular the con-
cavely curved, dished upper surface of the body and the
multiple bores 186 that extend downwardly therefrom.
Although the dimensions and numbers of bores may vary
depending on design factors, including factors relating to the
suction source, the 1llustrated embodiment of the separation
body suitably has a diameter (exclusive of the mounting
flange) of about five centimeters, a vertical length of about
four centimeters, and about one-hundred and ninety-two
bores having a diameter of about two millimeters each, the
foregoing dimensions are exemplary in nature, and are given
by way of illustration and no limitation. The separation body
(as with most of the other components of the assembly) 1s
suitable formed of 1mjection molded plastic.

As can be seen 1 FIG. 16, the liquid separation body 180
of the illustrated embodiment has a generally cartridge-like
configuration, with a mounting flange 302 which seats against
the bottom lip of the cylindrical wall 178 of the intake cham-
ber 176 (see FIGS. 11 and 15) and mounts thereto by means
of projecting ear portions 274 having bores 306 that recerve
screws or other fasteners. The liquid separation body may
therefore be removed for cleaning 1f needed, for example, by
removing screws 308 (see FIG. 14) and separating the upper
and lower sections 310, 312 (see FIG. 15) of the collection
tank and then demounting the separator body.

When removal of the spill or the liquid suction task has
otherwise been completed (or when the collection tank
becomes full, as described above), the liquid collection tank 1s
emptied by simply removing drain plug 162 from the opening
314 at the rearward end of the tank, as indicated by arrow 316
in FIG. 17. Fibers, threads or other debris that may have
accumulated over the top of the liquid separation body 180
can 1n turn be removed by simply releasing catch 168 and
lifting cover 164, then removing cap 170 and dumping or

fishing the debris out of chamber 176, as indicated by arrow
318 1n FIG. 18 (please note that cover 164 1s not shown in FI1G.

18).

It will be appreciated that the advantage of improved liquid
separation, achieved by employing a plurality of preferably
tubular passages to restrict the flow into the collection area,
will apply irrespective of the actuating mechanisms, valving,
and other parts of the assembly. It will therefore be under-
stood that this aspect of the invention may be applied to awide
range of wet nozzles, separators and other attachments and
assemblies, 1n addition to the examples described above.

Also, as noted above, such assemblies may utilize seli-
contained suction sources, in addition to or in place of
vacuum cleaners or other external sources as utilized in the
exemplary embodiments of FIGS. 1-5.

It 1s to be recognized that various alterations, modifica-
tions, and/or additions may be mtroduced into the construc-
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tions and arrangements of parts described above without
departing from the spirit or ambait of the present invention as
defined by the appended claims.

What 1s claimed 1s:

1. An apparatus for drawing liquid from a floor or other
surface utilizing a flow of air provided by a suction source,
said apparatus comprising:

a liquid collection tank;

an intake opeming 1n fluid communication with said collec-
tion tank, said intake opening being positionable proxi-
mate said floor or other surface:

means for establishing fluid communication between said
collection tank and said suction source so that said flow
of air 1s drawn 1n said intake opening and through said
collection tank;

a plurality of liquid separation passages that restrict and
divide said flow of air between said intake opening and
said collection tank, so that said liquid 1s separated from
said flow of air and collected 1n said tank prior to said
flow of air reaching said suction source, said plurality of
liquid separation passages comprising:

a plurality of elongate passages arranged 1n a bundle,
said bundle having an intake end at which said tlow of
air and liquid enters said passages and a discharge end
at which said tflow of air exits said passages with said
liquid having been separated therefrom; and

means for introducing said flow of air at an indirect angle to
openings of said liquid separation passages at said intake
end of said bundle.

2. The apparatus of claim 1, wherein said means for estab-
lishing fluid communication between said collection tank and
said suction source comprises:

means for establishing fluid communication between said
collection tank and a remote suction source.

3. The apparatus of claim 2, wherein said means for estab-
lishing fluid communication between said collection tank and
a remote suction source comprises:

means for establishing fluid communication between said
collection tank and a hose leading to a household
vacuum cleaner.

4. The apparatus of claim 1, wherein said means for intro-
ducing said tlow of air at an indirect angle to said openings of
said liquid separation passages comprises:

a plenum located at said intake end of said bundle; and

an 1nlet passage that directs said flow of air into said ple-
num at an indirect angle to said opemings of said liquid
separation passages.

5. The apparatus of claim 4, wherein said plenum com-
Prises:

a substantially cylindrical wall extending annularly about
said intake end of said bundle of liquid separation pas-
sages, said inlet passage directing said tlow of air in a
substantially tangential direction against said cylindrical
wall so that said flow of air swirls within said plenum at
said openings of said liquid separation passages.

6. The apparatus of claim 4, wherein said discharge end of
said bundle of liquid separation passages 1s located 1n an
interior of said collection tank, so that liquid separated from
said flow of air drops from said discharge end of said bundle
into a lower portion of said tank of air 1n said tlow of air rises
into an upper portion of said tank.

7. The apparatus of claim 6, wherein said intake end of said
bundle of liquid separation passages forms an upper end of
said bundle and said discharge end of said bundle of liquid
separation passages forms a lower end of said bundle, so that
said flow of air enters said passages from said plenum and
flows 1n a substantially downward direction therethrough.
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8. The apparatus of claim 7, further comprising:
a nozzle member having said intake opening at a lower end
and said 1nlet passage into said plenum at an upper end.
9. The apparatus of claim 6, wherein said means for estab-
lishing fluid communication between said tank and said suc-
tion source comprises:
a valve for selectively establishing fluid communication
between said suction source and said upper portion of
said collection tank.

10. The apparatus of claim 9, further comprising:

means for preventing liquid in said lower portion of said
collection tank being drawn through said valve with said
air as said tank fills with liquid.

11. The apparatus of claim 10, wherein said means for
preventing liquid from being drawn through said valve as said
tank fills with liquid comprises:

an outtlow opening 1n said upper portion of said collection
tank through which said air flows to said valve; and

a float mounted 1n said collection tank so as to rise against
and seal said outtlow opening as said tank fills with
liquad.

12. The apparatus of claim 9, further comprising:

means for supplying a supplementary tlow of cooling air to
said vacuum source when said valve 1s closed.

13. The apparatus of claim 12, wherein said means for
supplying a supplementary tlow of cooling air to said vacuum
SOUIrCe COmprises:

an inlet vent 1n fluid communication with said vacuum
source on a downstream side of said valve.

14. The apparatus of claim 13, further comprising:

means for sealing said inlet vent so as to block said supple-
mentary flow of cooling air when said valve 1s opened so
as to apply said flow of air from said suction source to
said collection tank.

15. The apparatus of claim 14, wherein said means for
sealing said inlet vent so as to block said supplementary tlow
of cooling air comprises:

a secondary valve for closing said inlet vent; and

a linkage operably interconnecting said actuating valve and
said secondary valve so that said secondary valve closes
simultaneously with opening of said actuating valve.

16. The apparatus of claim 135, wherein said linkage com-
Prises:

a shaft having said actuating valve mounted at a first loca-
tion thereon and said secondary valve mounted at a
second location thereon; and

means for selectively translating said shait so as to move
said actuating valve away from a valve opening of said
suction passage and simultaneously move said second-
ary valve towards a valve opening of said inlet vent.

17. The apparatus of claim 16, wherein said means for
selectively translating said shaft comprises:

an operating button mounted to said shaft that 1s selectively
depressible under a finger of a user’s hand.

18. An apparatus for drawing liquid from a floor or other
surface utilizing a tlow of air provided by a suction source,
said apparatus comprising:

a liquid collection tank having upper and lower portions at

forward and rearward ends;

a lift nozzle mounted at said forward end of said liquid
collection tank, said lift nozzle comprising:

a slot-shaped intake opening that extends transversely of
said collection tank at a lower end of said lifting
nozzle;

a generally upwardly-extending flow passage in fluid
communication with said intake opening; and
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a generally rearwardly-extending tflow passage in tluid
commumnication with said upwardly-extending tlow
passage at an upper end of said lifting nozzle;

a plenum chamber mounted in said upper portion of said
collection tank proximate said forward end thereot, said
plenum chamber comprising:

a generally cylindrical wall defining upper and lower
openings;

a removable cap mounted over said upper opening; and

an 1nlet opening 1n fluid communication with said rear-
wardly-extending flow passage of said lift nozzle,
said mlet opening being aligned 1n a generally tangen-
tial direction at said cylindrical wall of said plenum
chamber;

a liquid separation body mounted under said lower opening,
of said plenum chamber, said liquid separation body
comprising:

a generally downwardly concave upper end that forms a
bottom to said plenum chamber;

10

15

a lower end that 1s located 1n an interior volume of said ¢

collection tank proximate said lower portion thereof;
and

16

a plurality of elongate liquid separation passages having,
entry openings at said upper end of said liquid sepa-
ration body and discharge ends at said lower end of
said body;

a suction opening in said upper portion of said liquid
collection tank; and

a valve assembly that selectively establishes fluid com-
munication between said suction opening in said
upper portion of said tank.

19. The apparatus of claim 18, further comprising:

means for preventing liquid 1n said collection tank from
being drawn out through said suction opening as said

tank becomes full.

20. The apparatus of claim 19, wherein said means for

preventing liquid from being drawn out through said suction
opening 1n said upper portion of said collection tank as said
tank becomes full comprises:

a float valve mounted in said collection tank that rises
against said suction opening in response to said tank
filling with liguad.
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